Background. Randomized trials of radiation after breastconserving surgery (BCS) for ductal carcinoma in situ (DCIS) found substantial rates of recurrence, with half of the recurrences being invasive. Decreasing local recurrence rates for invasive breast carcinoma have been observed and are largely attributed to improvements in systemic therapy. In this study, we examine recurrence rates after BCS for DCIS over 3 decades at one institution. Methods. We retrospectively reviewed a prospectively maintained database of DCIS patients undergoing BCS from 1978 to 2010. Cox proportional hazard models were used to investigate the association between the treatment period and recurrence, controlling for other variables. Results. Overall, 363 (12 %) recurrences among 2996 cases were observed. Median follow-up for patients without recurrence was 75 months (range 0-30 years); 732 patients were followed for C10 years. The 5-year recurrence rate for the period 1978-1998 was 13.6 versus 6.6 % for the period 1999-2010 [hazard ratio (HR) 0.62, p \ 0.0001]. Controlling for age, family history, presentation, nuclear grade, necrosis, number of excisions, margin status, radiation, and endocrine therapy, treatment period remained significantly associated with recurrence, with later years associated with a lower HR (0.74, p = 0.02) compared to earlier. After stratification by radiation use, association of recurrence with treatment period persisted in those treated without radiation (HR 0.62, p = 0.003).
Conclusions.
Recurrence rates for DCIS have fallen over time, with increases in screen detection, negative margins, and use of adjuvant therapies only partially explaining this decrease. The unexplained decline persists in women not receiving radiation, suggesting it is not due to changes in radiation efficacy but may be due to improvements in radiologic detection and pathologic assessment.
Ductal carcinoma in situ (DCIS) accounts for over 20 % of all breast cancer diagnosed in the US annually. 1 A 500 % increase in the incidence of DCIS between 1983 and 2003 was observed for women 50 years of age and older, likely due to screening mammography. 2 Reported recurrence rates for DCIS treated with breastconserving surgery (BCS) from four prospective randomized trials of radiation range from 26 to 36 % for those treated without radiation therapy, and from 9 to 23 % for those treated with radiation at 13-20 years of follow-up. [3] [4] [5] [6] These rates are higher than the 12-year ipsilateral breast tumor recurrence rates of 5-8 % for node-negative invasive breast cancer treated with radiation and systemic therapy. database of DCIS patients undergoing BCS from 1978 to 2010 at the Memorial Sloan Kettering Cancer Center. Synchronous (n = 30) or metachronous 77 (n = 29) bilateral DCIS were entered as separate cases. Follow-up was routinely obtained by yearly contact with the patient, at follow-up clinician visits, or by mail, phone, or e-mail.
Variables examined included age at diagnosis, menopausal status (pre-or perimenopausal vs. postmenopausal), family history (at least one first-or second-degree family member with breast cancer), radiologic versus clinical presentation of DCIS, nuclear grade (non-high grade vs. high grade), necrosis, number of excisions (B2 vs. C3), margin status [positive or close (B2 mm) vs. negative ([2 mm)], radiation, endocrine therapy, and year of definitive surgery.
An event was defined as ipsilateral breast recurrence of DCIS or invasive cancer, ipsilateral regional recurrence in the absence of breast recurrence, or distant recurrence in the absence of locoregional recurrence or diagnosis of other malignancy. Time to recurrence was defined as the length of time between the last surgical excision and first event. Kaplan-Meier curves were created to compare recurrence rates by treatment period, and log-rank tests were used to determine significance. Patient, pathological, and treatment variables were compared between treatment periods using v 2 analysis. The Cochran-Armitage test was used to test for trend in the proportion of women undergoing BCS versus mastectomy over time. Multivariable Cox models were built to examine differences in recurrence rates over time, controlling for other variables. Proportionality of hazards was checked for all Cox models and found to be appropriate. Statistical analysis was performed using SAS 9.2 (SAS Institute, Cary, NC, USA).
RESULTS
From 1978 to 2010, a total of 2996 cases of DCIS treated with BCS were identified. Population characteristics are shown in Table 1 . Patients without recurrence were followed for a median of 75 months (range 0-30 years); 732 were followed for at least 10 years. The median age of the entire population, and for the cohorts from both the early and late treatment periods, was 57 years (range 20-92 years).
Among the 1374 patients who underwent BCS alone, there were 223 recurrences, of which 117 were ipsilateral breast recurrences of DCIS, 98 were invasive (91 ipsilateral breast recurrences, two ipsilateral regional nodal recurrences, five ipsilateral breast and nodal recurrences), and 8 were ipsilateral breast recurrence of unknown type.
Among the 1588 patients who underwent BCS and radiation, there were 140 recurrences, of which 75 were ipsilateral breast recurrences of DCIS, 61 were invasive (56 ipsilateral breast recurrences, five ipsilateral breast and nodal recurrences), three were ipsilateral breast recurrence of unknown type, and there was a single case of distant metastasis without ipsilateral locoregional recurrence or diagnosis of other malignancy. Figure 1a shows recurrence rates by treatment period, dividing the study interval into six treatment periods. A significant decrease in recurrence rates over time was observed (p = 0.001). The change over time appeared nonlinear, with an apparent break between the three earlier intervals and the three later intervals; we therefore dichotomized the treatment period into intervals of 1978-1998 and 1999-2010 for further analysis. Figure 1b Patient, tumor, and treatment variables were compared between the dichotomized treatment periods to identify factors potentially contributing to the reduction in recurrence (Table 1) .
Recurrence Rates Over Time
For nearly all variables, there were more missing data from the earlier time period. In the more recent time period, family history was more frequently recorded as positive, patients more frequently presented as a result of radiologic screening, nuclear grade was less frequently rated as high, more women underwent at least three excisions to enable breast conservation, close margins were less frequent, and adjuvant radiation and endocrine therapies were more commonly used. Age at diagnosis, menopausal status, and the presence of necrosis did not change over time.
Multivariable Analysis
Recurrence rates by treatment period were compared using a multivariable model to control for known risk factors and the factors that changed over time (Table 2) . Even after controlling for nine variables from Table 1 , the later time period was associated with a lower risk of recurrence, with an HR of 0.74 compared with the earlier period (p = 0.02). The persistent association of time period with recurrence, even after controlling for other variables, indicates that increases in screen detection, negative margins, and use of radiation and endocrine therapies do not fully explain the decrease in recurrence rates observed over time.
Change in Recurrence Rates Over Time, Stratified by Use of Radiation
To determine whether the unexplained decline in recurrence occurred in patients treated with and without radiotherapy, we fit multivariable models stratified by radiation use (Table 3 ). This analysis demonstrated that the decrease in recurrence rates over time, not accounted for by change in other variables, was limited to the group not receiving radiation (HR for treatment period 0.62, p = 0.003), suggesting that improvement in radiation efficacy is not the primary cause of the observed decrease in recurrence rates.
Rates of Total Mastectomy Versus Breast-Conserving Surgery for Ductal Carcinoma In Situ
We compared annual rates of BCS versus mastectomy for DCIS at our institution from 1995 to 2010 to evaluate the possibility that decreased recurrence rates were due to selection bias. There was no significant change over time in the percentage of patients undergoing mastectomy for DCIS (40.1 % in 1995-1998 vs. 40.4 % in 1999-2010, p = 0.85) (Fig. 2) .
DISCUSSION
Several groups have reported decreasing locoregional recurrence rates for invasive cancer. [8] [9] [10] [11] These improvements are largely attributed to improved systemic treatments, including chemotherapy, targeted anti-HER2 therapies, and endocrine therapies. In contrast, in DCIS, the only proven systemic therapy is endocrine therapy; use of endocrine therapy in DCIS is relatively low, 13 suggesting that a similar decline in rates of locoregional recurrence might not have occurred.
We undertook this study to examine recurrence rates for DCIS treated with BCS over 30 years at a single institution. Examination of outcomes from 2996 cases revealed that recurrence rates significantly declined over time. We identified a number of temporal trends in our population which helped to explain this outcome.
Patients treated in later years more frequently presented with radiologically detected DCIS, and screen-detected DCIS is associated with lower rates of recurrence than cases presenting clinically, likely due to a lower volume of disease. 4, 5, 14 While it is likely that the pathologically measured size of DCIS would have been smaller in later years, measured pathologic size was not available for the majority of our cases. This is due to the difficulty of accurate measurement of DCIS, which is generally not grossly visible. Size measurements were also missing in the majority of cases in the four prospective randomized trials. 15 In the later treatment period, an increased proportion of patients underwent at least three surgical excisions, which may reflect a greater effort to achieve margins [ 2 mm in the later treatment period, as demonstrated by the decrease in the proportion of women with close or positive margins. It is likely this contributed to the observed decline in recurrence rates as margin status is a known risk factor for local recurrence. [4] [5] [6] Alternatively, it may reflect greater comfort with BCS for larger areas of DCIS in women who might have been advised to undergo mastectomy in prior years.
Over the study period, the proportion of cases with high nuclear grade fell from 49 % of those with known nuclear grade to 32 %. A similar decrease in the proportion of patients with high-grade DCIS was reported by Habel et al. 16 Although studies have shown that local recurrence at 5 years is more common in patients with high-grade DCIS, these differences do not persist with longer followup. 17, 18 In our multivariable analysis, high nuclear grade was not associated with local recurrence, similar to findings in other studies with longer follow-up. 17 We also found that patients treated in later years were significantly more likely to receive adjuvant radiation. Patients from the early years of this series were treated prior to publication of the first randomized trial of radiation for DCIS [the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-17] in 1993. 19 The increasing use of radiation over time is well documented. 16 Four prospective randomized studies have been published with over 12 years of followup, proving that radiation provides a durable reduction in local recurrence rates of approximately 50 %. [3] [4] [5] [6] Therefore, one clear reason for the observed decrease in recurrence rate in our series is the increased use of radiation. 
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Recurrence rate (95% confidence interval) Decreasing recurrence rates for DCISUse of endocrine therapy also increased significantly over time, likely contributing to the decrease in recurrence rates. NSABP B-24, first published in 1999, was the first randomized study of tamoxifen use in women with DCIS treated with radiation. 21 As a result of that study, and the UK/ANZ trial, the use of tamoxifen for DCIS increased. After adjustment for all factors that changed over time, including radiologic detection, negative margins, and use of adjuvant radiation and endocrine therapies, all of which clearly influence rates of recurrence, we found that the later treatment period remained significantly associated with a lower risk of recurrence. This suggests that factors not included in our model contributed to the reduction in recurrence risk. One possibility is improved efficacy of adjuvant radiotherapy. However, after stratifying for use of radiation, the unexplained decline in recurrence rate was limited to those not receiving radiation, suggesting that improvement in radiation efficacy is not responsible for the observed decline in recurrence rates.
Others have also reported a decline in local recurrence rates for DCIS treated with BCS. Halasz et al. DCIS ductal carcinoma in situ, BCS breast-conserving surgery, HR hazard ratio concluded that recurrence rates had significantly improved in the modern era of mammographic detection and careful attention to margins. 22, 23 Similarly, Habel et al. reported a reduction in the 5-year local recurrence rate from 14.3 to 7.7 % in patients diagnosed in 1990-1991 compared with those diagnosed in 1998-1999. 16 Similar to our observation, these investigators found that even after adjustment for adjuvant radiation and endocrine therapy use, there remained a reduced risk of recurrence in the later years. They also noted an increase in the frequency of negative margins and non-high-grade DCIS. These factors were not included in their multivariable model, and they hypothesized that the increase in negative margins and non-highgrade DCIS contributed to the decreased recurrence rates. However, in our analysis, even after inclusion of these factors in a multivariable model, treatment period remained significantly associated with a reduced recurrence risk.
Factors potentially responsible for the improved outcomes we observed and which we were unable to study include improvements in breast imaging and pathologic evaluation. Digital mammography, compared with film screen, is better able to detect faint microcalcifications, [24] [25] [26] [27] which may lead to earlier detection and to more complete excision of DCIS lesions, thereby improving recurrence rates.
Pathologic assessment of DCIS has changed over time, with an increased number of slides examined per case as well as standardized reporting with regard to extent of disease and margin status. [28] [29] [30] The report of a negative margin in more recent years, after a more intensive pathologic examination, may indicate a lower burden of residual disease and result in lower recurrence rates.
Our findings have important implications for patients being treated in the modern era. The meta-analysis of the 18 Although they represent selected populations, these rates are reassuringly lower than those from the first four randomized trials, and are consistent with our finding that recurrence rates have declined. The lower recurrence risk estimate for patients treated in recent years can be critical when counseling patients, especially in this era of increased use of uni-and bilateral mastectomy. 33, 34 An online risk estimation tool, which incorporates various factors, including year of treatment, has been validated in independent populations and may be helpful for patients and clinicians in weighing various treatment options and in obtaining more current and individualized risk estimates (http://nomograms. mskcc.org/Breast/DuctalCarcinomaInSituRecurrencePage. aspx).
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CONCLUSIONS
Recurrence rates after BCS for DCIS have declined over time. The increased proportion of patients with screendetected DCIS, negative margins, and the increased use of radiation and endocrine therapies, only partly explains decreased recurrence rates. Advances in digital mammography and improvements in pathological assessment likely result in earlier detection and more complete resection, and thereby contribute to the reduction in recurrences seen in recent years. The expected recurrence rate for a woman treated today may be lower than that seen in the prospective randomized trials that began decades ago. This has implications for patient decision making, especially in view of the marked increase in recent years of the number of women choosing unilateral or bilateral mastectomy for treatment of their DCIS. 
